Mechanisms of genotoxicity of particles and fibers.
With regard to genotoxicity testing and cancer risk assessment, particles and fibers form a rather specific group among all toxicants. First, the physicochemical behavior of fibrous and nonfibrous particles is usually very different from that of nonparticulate, chemical carcinogens. Reactive oxygen species (ROS) are believed to play a major role in primary genotoxicity of particles, which may derive from their surface properties, the presence of transition metals, intracellular iron mobilization, and lipid peroxidation. Other aspects relevant to primary genotoxicity are particle size, shape, crystallinity (e.g., silica), and solubility, and may also include particle uptake, interaction with cell division machinery (e.g., asbestos), and the presence of mutagens carried with the particle (e.g., diesel exhaust particles, DEP). Excessive and persistent formation of ROS from inflammatory cells is considered as the hallmark of the secondary genotoxicity of nonfibrous and fibrous particles. Since lung inflammation is known to occur and persist only at sufficient particle dose, this secondary pathway is considered to contain a threshold (Greim et al., 2001). Identification of (mechanisms of) particle genotoxicity has been/can be achieved via (1) acellular assays, (2) in vitro tests, (3) in vivo studies, usually in mice or rats, and finally (4) biomarker studies in humans with (occupational) exposure. The significance of acellular assays and biomarker studies for risk assessment is limited, but has provided some mechanistic insights (e.g., in oxidant generating properties of quartz and asbestos) and may also contribute to hazard identification. In vitro studies have lead to identification of primary genotoxic properties of particles, whereas recent in vivo studies provide further support for the correlation between particle-induced lung inflammation and secondary genotoxicity. Proper risk assessment of particles necessitates identification of the relative impact of primary versus secondary genotoxicity in realistic exposure conditions. However, since it is impossible to discern between primary and secondary genotoxicity with current in vivo tests, concomitant in vitro assays are required to determine primary genotoxicity. In vivo tests should ideally be designed using different doses to allow dose-effect analysis for both inflammation and genotoxicity.